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repair via minilaparotomy and have previously reported
our first seven experiences.4 This technique results in ear-
lier postoperative recovery because of its minimal invasive-
ness. There have been two reports that describe AAA
repair with a limited abdominal incision and its outcomes.
Cerveira et al,5 however, treated only patients with
infrarenal AAA without iliac involvement, and a bifurcated
graft replacement thus was not attempted. Turnipseed et
al6,7 treated patients with AAA who needed tube and
bifurcated graft replacements and concluded that their
technique was not suited for use when anastomoses were
needed below the common iliac artery in the pelvis. On
the other hand, our technique allows anastomoses to be
carried out even at the external iliac level via limited
abdominal incision. Herein, we describe the minimally
invasive vascular surgery (MIVS) technique and its out-
come compared with the conventional technique.
PATIENTS AND METHODS
Patients
From April 1998 to December 2000, 20 consecutive
patients, 16 men and four women, with a mean age of
70.9 years (range, 52 to 80 years) and a mean body weight
of 57.3 kg (range, 35.0 to 78.0 kg), underwent bifurcated
graft replacement for infrarenal AAA with iliac involve-
Vascular surgeons are encountering increasing num-
bers of patients of advanced age with severe comorbidity.
Treatment of the abdominal aortic aneurysm (AAA) in
these patients at high risk may result in increased periop-
erative morbidity and mortality rates. An endovascular
stent graft repair technique for AAA has been in develop-
ment since Parodi, Palmaz, and Barone1 first reported it in
1991. Although endovascular grafting appears to be less
invasive and can be applied to patients at high risk, graft
implantation has its own limitations in that the graft can-
not be implanted in cases of complex lesions and cannot
be attached if the approaching artery is narrow or tortu-
ous.2,3 In this context, it was clearly important to develop
a less invasive open surgical technique for AAA repair with
the same or better safety and mortality rates than those
seen with conventional techniques.
We have developed a surgical technique for AAA
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Purpose: A minimally invasive vascular surgery (MIVS) technique for repair of infrarenal abdominal aortic aneurysm
(AAA) with iliac involvement was evaluated, and its outcome was compared with conventional open repair.
Methods: Twenty patients with AAA with iliac involvement underwent treatment with bifurcated graft replacement with
the MIVS technique. The procedure was performed via minilaparotomy, with the incision length determined accord-
ing to the extent of the AAA obtained with ultrasound scanning and with the small intestine confined completely
within the abdominal cavity. The proximal and distal operating fields were obtained with changing the patient position
and arranging for the abdominal incision to be retracted cephalad and caudad. Perioperative courses in these 20
patients (the MIVS group) were analyzed in comparison with 14 patients who underwent conventional open repair,
which was performed through the full midline laparotomy with the intestine simply covered with moistened towels (the
conventional group).
Results: The MIVS technique for AAA repair was performed with a mean abdominal incision length of 8.4 cm and a
range from 6.5 to 11.2 cm. The patients in the MIVS group showed earlier resumption of oral intake and ambulation
in comparison with those patients in the conventional group (liquid diet: 1.1 ± 0.3 days versus 2.9 ± 1.4 days; P < .01;
solid diet: 2.0 ± 0.2 days versus 3.9 ± 1.4 days; P < .01; ambulation: 2.1 ± 0.8 days versus 4.3 ± 2.3 days; P < .01),
with comparable mortality and morbidity rates. Accordingly, the patients in the MIVS group were discharged earlier
(20.7 ± 6.3 days versus 33.9 ± 12.6 days; P < .01), and total hospitalization charges were significantly decreased
(2,232,791 ± 200,747 Japanese yen versus 2,640,441 ± 243,889 Japanese yen; P < .01).
Conclusion: The MIVS technique allowed earlier postoperative recovery with comparable morbidity and mortality rates
with the conventional technique and, therefore, saved hospital stay length and total hospitalization charges. Thus, the
MIVS technique is considered as a new and effective minimally invasive technique for open AAA repair. (J Vasc Surg
2002;35:654-60.)
ment with the MIVS technique. The mean aneurysm
diameter was 4.6 ± 0.7 cm (range, 4.0 to 6.2 cm). Of
these patients, six had seven common iliac aneurysms,
with a mean diameter of 2.1 ± 0.2 cm (range, 2.0 to 2.5
cm). The intraoperative and postoperative courses of these
patients were compared with those of 14 patients (11 men
and three women; mean age, 68.3 years; range, 52 to 78
years; mean body weight, 60.8 kg; range, 38.0 to 78.0 kg)
who underwent bifurcated graft replacement with the
conventional technique from January 1997 to July 1999.
The mean aneurysm diameter was 5.4 ± 1.0 cm (range,
4.0 to 8.0 cm). Patient characteristics of the group are
summarized in Table I. The only significant difference
between the two groups was noted in hyperlipidemia in
the patient demographic characteristics.
The criteria for AAA repair in this study were: l, non-
ruptured infrarenal AAA with iliac involvement; 2, a
requirement for bifurcated graft replacement; 3, no previ-
ous surgical invasion of the abdominal cavity; and 4, no
requirement for concomitant abdominal surgical invasion.
Both types of AAA repair were performed by the same sur-
geon (M.M.). The patients were randomly assigned to
either group.
Operative Techniques
Minimally invasive vascular surgery technique.
The MIVS technique for infrarenal AAA repair was char-
acterized as an abdominal incision length of approximately
10 cm or less and the prevention of exposure of the intes-
tine to the air with confinement within the abdominal cav-
ity. The patient was placed in the supine position. After the
induction of general anesthesia, the patient was bent back-
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ward to project the upper abdominal wall as shown in Fig
1,B (arched back position). While the patient remained in
this position, the precise locations of the aneurysm neck
and the aortic bifurcation were determined with ultra-
sound scanning and then marked on the abdominal skin
with a marker pen by surgeons. The abdominal incision
was started from 3 cm above the aneurysm neck. When
distal anastomoses were expected to be performed at the
common iliac level, the incision was extended to one third
of the length of the AAA from the aortic bifurcation (Fig
2; solid line). In cases in which distal anastomoses had to
be performed at the external iliac level, the incision was
extended to the aortic bifurcation (Fig 2; dotted line).
Once the abdominal cavity was entered, the small
intestine was moved and packed with moistened towels in
the abdominal cavity in counterclockwise manner starting
in the direction of the spleen and finishing in the Douglas
pouch (Fig 3). This procedure allowed the complete con-
finement of the small intestine to the abdominal cavity,
resulting in unimpeded exposure of the aneurysm. An
exposure of the aneurysm neck was affected with retrac-
tion of the abdominal incision together with the retroperi-
toneum cephalad with specially made tough retractors
(MERA copper retractors, Senkoikakogyo, Tokyo, Japan)
with the patient in the arched back position (Fig 1,A,B).
Conversely, when the iliac region of the aneurysm was
treated, both the upper and lower halves of the patient’s
body were slightly elevated from the horizontal level to
relax the abdominal skin and release muscle tension (thus
placing the patient in the reversed jackknife position; Figs
1,A,C). The abdominal wall, again together with the
retroperitoneum, was retracted caudad with the retractors.
Fig 1. A, Shift of abdominal incision. Suitable operating field for aneurysm neck is acquired by retracting
abdominal incision together with retroperitoneum cephalad, with patient in arched back position.
Conversely, operating field for iliac region is obtained by retracting abdominal incision together with
retroperitoneum caudad with patient in reversed jackknife position. B, Arched back position. In supine
position, patient arched both legs and upper back downwards by about 10 degrees on either side (arched
back position). Placing water bag against patient’s back (black ellipse) was helpful to project upper
abdomen further, where aneurysm neck exists. C, Reversed jackknife position. Both upper and lower
halves of patient’s body were slightly elevated from horizontal level to relax abdominal skin and release
muscle tension. In this position, caudal retraction was performed more effectively.
A
B
C
A harmonic scalpel (Ethicon Endo-Surgery, Cincinnati,
Ohio) was helpful for the dissection of each site of the
aneurysm because the operating field was limited. The
aneurysm neck, both iliac arteries, and the inferior mesen-
teric artery (IMA) were taped.
After administration of 100 U/kg heparin, the
aneurysm neck was clamped with a tangential occlusion
clamp (Unimedics, Osaka, Japan), which did not affect the
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position of the abdominal incision, and then both iliac
arteries were clamped with small vascular clamps (surgical
spring clip applicators, Applied Medical Resources, Lagna
Hills, Calif) so as not to obstruct the limited operating field
at the distal site. The aneurysm then was replaced with a
bifurcated graft (Intergard Knitted, Intervascular, Inc,
Clearwater, Fla). If the distal anastomosis had to be per-
formed at the external iliac artery, the segmental clamp
Fig 2. Abdominal incision. Abdominal incision was started from
3 cm above aneurysm neck. 1, When distal anastomoses were
expected to be performed at common iliac level, incision was
extended to one third of portion of abdominal aortic aneurysm
(AAA) from aortic bifurcation (solid line). 2, In cases where dis-
tal anastomoses had to be performed at external iliac level, inci-
sion was extended to aortic bifurcation (dotted line).
Fig 3. Confinement of small intestine within abdominal cavity.
Moistened towels were inserted to pack and confine small intes-
tine to abdominal cavity in following sequence: in direction of
spleen, stomach, liver, and right, lower right, and Douglas pouch.
Fig 4. A, Proximal anastomosis is performed. B, Distal anastomo-
sis is performed with surgical spring clip applicators. Note that both
anastomoses are performed in sufficiently large operating field.
A B
method was applied. Namely, both the external and inter-
nal iliac arteries were simultaneously clamped with Cooley-
Derra anastomosis forceps (Unimedics, Osaka, Japan), and
the distal anastomosis to the external iliac artery then was
performed. After this anastomosis was complete, the inter-
nal iliac artery was ligated or reconstructed with a pros-
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thetic graft interposed if necessary. The IMA was routinely
reconstructed with a 7-0 prolene running suture to the left
limb, except in the case of an obstruction. 
Conventional abdominal aortic aneurysm repair.
The conventional technique for AAA repair was per-
formed via transperitoneal approach. The skin incision was
Table II. Details of operation
MIVS (n = 20) Conventional (n = 14) P value
Aneurysm diameter (cm) 4.6 ± 0.7 5.4 ± 1.0 <.05
Abdominal incision length (cm) 8.4 ± 1.7 27.7 ± 3.7 <.01
Operative time (min) 255 ± 42 251 ± 58 NS
CIA anastomosis (min) 18.3 ± 6.2 (n = 36) 15.9 ± 4.7 (n = 22) NS
EIA anastomosis (min) 15.6 ± 3.3 (n = 4) 17.5 ± 7.6 (n = 6) NS
Intraoperative fluid needs (mL) 2094 ± 635 2611 ± 755 <.05
Estimated blood loss (mL) 1088 ± 585 855 ± 516 NS
Intraoperative PRBC (units) 0.9 ± 1.6 0.6 ± 1.7 NS
MIVS, Minimally invasive vascular surgery; CIA, common iliac artery; EIA, external iliac artery; PRBC, packed red blood
cells; NS, not significant.
Table III. Details of recovery
MIVS (n = 20) Conventional (n = 14) P value
Morbidity rate 1 (5%) 1 (7.1%) NS
Mortality rate 0 0 NS
24-Hour postoperative fluid needs (mL) 3753 ± 1127 5478 ± 1667 <.01
48-Hour postoperative fluid needs (mL) 5069 ± 1429 8470 ± 2339 <.01
ICU stay (h) 22.9 ± 12.5 42.9 ± 16.4 <.01
Liquid diet (POD) 1.1 ± 0.3 2.9 ± 1.4 <.01
Solid diet (POD) 2.0 ± 0.2 3.9 ± 1.4 <.01
Ambulation (POD) 2.1 ± 0.8 4.3 ± 2.3 <.01
Hospital stay (days) 20.7 ± 6.3 33.9 ± 12.6 <.01
MIVS, Minimally invasive vascular surgery; ICU, intensive care unit; POD, postoperative day; NS, not significant.
Table IV. Cost comparison
Cost (in Japanese yen) MIVS (n = 20) Conventional (n = 14) P value
Operative charges 1,265,642 ± 53,893 1,232,416 ± 103,706 NS
Total hospitalization charges 2,232,791 ± 200,747 2,640,441 ± 243,889 <.01
MIVS, Minimally invasive vascular surgery; NS, not significant.
Table I. Patient demographic characteristics
MIVS (n = 20) Conventional (n = 14) P value
Age (years) 70.9 ± 6.6 68.3 ± 7.6 NS
Male/female 16/4 11/3 NS
Body weight (kg) 57.3 ± 11.0 60.8 ± 7.6 NS
Hypertension 12 (60%) 9 (64.3%) NS
Hyperlipidemia 8 (40%) 1 (7.1%) <.05
Diabetes mellitus 1 (5%) 3 (21.4%) NS
Ischemic heart disease 13 (65%) 10 (71.4%) NS
Renal dysfunction 3 (15%) 5 (35.7%) NS
COPD 1 (5%) 0 NS
Smoking 15 (75%) 10 (71.4%) NS
MIVS, Minimally invasive vascular surgery; COPD, chronic obstructive pulmonary disease; NS, not significant.
started just below the xyphoid and was extended down to
just above the pubis. The small bowel was loosely put
aside in the abdominal cavity and covered with moistened
towels. The graft replacement was accomplished with the
analogous technique with that of MIVS technique. 
Postoperative Regimen
After the surgery, the patients were transferred to the
intensive care unit (ICU). Once appropriate wakening was
confirmed, the patients underwent extubation in the ICU.
Whenever the patient’s bowel sound was audible well after
extubation, they first were given 50 mL of water. Unless
there was nausea or vomiting, liquid intake then was
started. The solid diet was usually started the following
day of the start of the liquid diet. Ambulation was allowed
whenever possible.
An epidural tube was inserted on the previous day of
surgery, with the exception of the patients on antithrom-
botic regimen. The epidural anesthesia was started during
the operation and was continued for 48 hours after surgery.
At this point, the tube was removed to avoid contamina-
tion without exception. In case the patient had pain, 25 mg
of indomethacin suppository was given, followed by 15 mg
of pentazocine intramuscularly, if necessary.
Cost Analysis
Cost analysis was performed with analysis of the oper-
ative charges and total hospitalization charges. These
charges were calculated by the corporate finance depart-
ment of the hospital. 
Data Analysis
Continuous variable data are described as mean ±
standard deviation. Student t test was used for the statisti-
cal analysis, with a P value of less than .05 regarded as sta-
tistically significant.
RESULTS
Operative Course
Details of the operation are shown in Table II. The
length of the abdominal incision in the MIVS group
(range, 6.5 to 11.2 cm; mean, 8.4 cm) was shorter approx-
imately by 20 cm than that in the conventional group
(range, 23.0 to 35.0 cm; mean, 27.7 cm). Despite this lim-
ited incision in the MIVS group, stable and sufficient expo-
sure of the neck and distal portion of AAA to allow a
surgical approach was accomplished as shown in Fig 4.
With this exposure, 36 anastomoses to common iliac arter-
ies and four to external iliac arteries were performed in the
MIVS group. Twenty-two anastomoses to common iliac
arteries and six to external iliac arteries were performed in
the conventional group. The duration of anastomosis to
common or external iliac arteries in the MIVS group were
comparable with those in the conventional group (com-
mon iliac: MIVS, 18.3 ± 6.2 minutes versus conventional,
15.9 ± 4.7 minutes; external iliac: MIVS, 15.6 ± 3.3 min-
utes versus conventional, 17.5 ± 7.6 minutes). Moreover,
there was no significant difference regarding the duration
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needed for the anastomosis at common and external iliac
arteries in the MIVS group. Reconstruction of the IMA
was performed in 11 patients in the MIVS group and in
eight patients in the conventional group. No significant
difference was seen in operative time (MIVS, 255 ± 42
minutes versus conventional, 251 ± 58 minutes). Patients
in the MIVS group needed less fluid resuscitation during
surgery than did those in the conventional group (2094 ±
635 mL versus 2611 ± 755 mL; P < .05). Estimated blood
loss (MIVS, 1088 ± 585 mL versus conventional, 855 ±
516 mL) and the volume of blood transfused (MIVS, 0.9
± 1.6 units versus conventional, 0.6 ± 1.7 units) during
operation were comparable.
Postoperative Course
The details of postoperative course are summarized in
Table III. There were no mortalities in either the MIVS
group or the conventional group. Morbidity rates in the
MIVS group and in the conventional group were not sig-
nificantly different (5% versus 7.1%). A ventral hernia
occurred in a 79-year-old man in the MIVS group who
had chronic pulmonary obstructive disease and a persist-
ent cough for several days after the extubation. A 67-year-
old woman in the conventional group had a prolonged
paralytic ileus and was able to return to oral intake only on
the 7th postoperative day. The MIVS group showed less
24-hour and 48-hour postoperative fluid resuscitation
than the conventional group (24-hour volume: 3753 ±
1127 mL versus 5478 ± 1667 mL; P < .01; 48-hour vol-
ume: 5069 ± 1429 mL versus 8470 ± 2339 mL; P < .01).
Length of ICU stay in the MIVS group was approximately
half that seen in the conventional group (22.9 ± 12.5
hours versus 42.9 ± 16.4 hours; P < .01). Patients in the
MIVS group resumed oral intake and ambulation earlier
than did patients in the conventional group (liquid diet:
1.1 ± 0.3 days versus 2.9 ± 1.4 days; P < .01; solid diet:
2.0 ± 0.2 days versus 3.9 ± 1.4 days; P < .01; ambulation:
2.1 ± 0.8 days versus 4.3 ± 2.3 days; P < .01). The overall
hospital stay was significantly shorter in the MIVS group
than in the conventional group (20.7 ± 6.3 days versus
33.9 ± 12.6 days; P < .01).
Cost Analysis
The details of the cost comparison are summarized in
Table IV. There was no significant difference in the oper-
ative charges between the two groups. Total hospitaliza-
tion charges were significantly decreased in the MIVS
group (2,232,791 ± 200,747 Japanese yen versus
2,640,441 ± 243,889 Japanese yen; P < .01).
DISCUSSION
Conventional open repair for AAA, which was designed
by Creech,8 has proven safe and durable and is now
accepted as a standard repair for AAA. Improvements in
anesthesia, surgical techniques, and perioperative care have
resulted in decreased morbidity and mortality rates during
and after AAA repair.9,10 The treatment of AAA from now
on, however, has arrived at a new stage whose aims are
directed to improvement of postoperative course and more
rapid recovery. Thus, the development of a minimally inva-
sive technique that can be applied with minimal morbidity
and mortality rates to patients at high risk is expected.
Our attention was attracted to the surgery via minilap-
arotomy because we noticed that a limited operating field
was sufficient to expose and allow anastomosis of both the
proximal and distal site simply by changing patient’s posi-
tion, a significant improvement on the conventional open
repair, which requires a long midline abdominal incision.
We initially developed a minilaparotomy technique that
provided both proximal and distal operating field with
simply retracting the abdominal incision cephalad and cau-
dad, but it was not sufficient for exposure and anastomo-
sis, especially at the external iliac level. This problem was
resolved with changing the patient position and arranging
for the abdominal incision to be retracted to both sides.
With the relaxation of the abdominal incision and muscles
achieved in the slightly reversed jackknife position, an
excellent exposure of the iliac regions was enabled and,
therefore, distal anastomoses were comfortably carried out
even at the external iliac level. 
The determination of the location of the abdominal
incision is one of the keys to this method. The precise local-
ization of the AAA can be identified with ultrasound scan-
ning. It is helpful to make a minimal incision. Protection of
the intestine from exposure to the air or physical contact of
the surgeon by confinement is also essential to ensure a more
rapid recovery of bowel function. Moistened towels were
used for the confinement of the intestine because they were
flexible and easily allowed the small intestine to be packed
into the abdominal cavity. Patients in the MIVS group
needed significantly decreased fluid resuscitation during
surgery possibly because of less insensible loss and intestinal
edema and after surgery because of an earlier return to oral
intake. Although the small intestine was covered with moist-
ened towels in the conventional group, it might have been
exposed more to the air and surgeon’s manipulation.
Two studies have reported the surgical results of
infrarenal AAA with the limited abdominal incision method.
Cerveira et al5 developed a technique on the basis of the
laparoscopic-assisted approach and performed standard
endoaneurysmorrhaphy through an 8-cm to 10-cm minilap-
arotomy. Two small incisions were added over the right and
left iliac arteries to clamp both arteries. They excluded patients
who needed bifurcated graft replacement and thus used only
tube grafts for the replacement. The other study by
Turnipseed et al6 treated 40 patients with AAA or aortoiliac
occlusive disease or both through a minilaparotomy. Of 32
patients with AAA, 24 had tube graft repairs and eight had
bifurcated graft repairs. Three of the eight bifurcated grafts
had distal anastomoses at the common iliac level and five at
the common femoral level with the graft limb tunneled
retroperitoneally. They concluded that their surgical method
was not particularly well suited to anastomoses below the
common iliac artery in the pelvis, whereas we successfully per-
formed anastomoses at the common iliac level in 16 patients
and at the external iliac level in four patients. The significant
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difference between Turnipseed et al’s5 series and our own was
that the direct anastomoses even at the external iliac level was
performed in addition to those at common iliac level. The
MIVS technique made it easier to reconstruct the external
iliac artery deep in the pelvis. This was shown with the
absence of a significant difference in the duration needed for
common and external iliac anastomosis in the MIVS group
and between the MIVS group and the conventional group.
In terms of length of hospital stay, the lengths of stay
may look relatively longer. This is partly because of the
Japanese National Insurance System, which allows aged
patients to extend their hospital stay. Despite this fact, the
patients in the MIVS group were discharged earlier.
Other less invasive methods developed for AAA repair
include endovascular grafting.1 Details of the advantages
and disadvantages of endovascular grafting for AAA have
been reported.2,11 Briefly, its major disadvantages include
numerous incidences of endoleaks and applicability to only
selected patients in whom the aneurysm and introduction
vessels are anatomically suitable for graft implantation.
Laparoscopy-assisted replacement for AAA is another less
invasive method.12,13 This method requires a short abdom-
inal incision with a length comparable with that required
with the MIVS technique but requires substantial time and
complicated treatment procedures. There are many prob-
lems left to be resolved with these new techniques.
Limitations
In this series, the largest patient in the MIVS group
was a 78.0-kg man whose AAA repair was carried out via
10.5 cm of skin incision. From the practical point of view,
the patient’s abdominal thickness or intraabdominal fat
seems to affect the length of skin incision, although no
tendency was found between incision length and patient’s
weight in this study. Because the Japanese are a relatively
small race and tend to have less fat, a larger skin incision
may be needed when MIVS is performed on other people.
Regarding this issue, more experience and further investi-
gation may be necessary.
CONCLUSION
In conclusion, the MIVS technique allowed earlier
postoperative recovery with comparable morbidity and
mortality rates with the conventional technique and,
therefore, saved hospital stay length and overall hospital
charges. Thus, we propose the MIVS technique as a novel
minimally invasive technique for AAA repair. 
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